Introduction
============

Untreated pediatric obesity frequently leads to severe metabolic and cardiovascular complications. Obesity has been strongly associated with insulin resistance, and is considered as an important independent risk factor for cardiovascular diseases \[[@B1]\].

A number of studies confirmed increasing prevalence of obesity in children and adolescents \[[@B2]\]. There is a great deal of evidence that in the pathogenesis of insulin resistance, apart from environmental factors such as body weight, age, physical activity, or a diet, a key role is played by genetic predisposition \[[@B3]\]. Serious consequences accompanying obesity may be caused by increased concentrations of proinflammatory cytokines, e.g., IL-1, IL-6, and TNF, and the association with their gene polymorphisms was found in several studies \[[@B4]\].

IL-6 is now well recognized for its role in the acute phase of inflammatory response which is characterized by production of a variety of hepatic proteins known as acute phase proteins (e.g., C-reactive protein, serum amyloid A, fibrinogen, complement, and alpha1-antitrypsin). It is known that IL-6 plays an important role in lipid metabolism and energy expenditure \[[@B5]\]. Plasma concentration of IL-6 is increased in obese and insulin resistant subjects \[[@B6]\]. Persistent systemic increase of IL-6 in chronic inflammatory states such as obesity and type 2 diabetes may trigger insulin resistance, whereas transient increase may contribute to normal glucose homeostasis. IL-6 modulates insulin resistance through several distinct mechanisms, including c-Jun N-terminal kinase 1 (JNK1)-mediated serine phosphorylation of IRS-1-insulin receptor substrate-1, IκB kinase (IKK)-mediated nuclear factor-κB (NF-κB) activation, and induction of SOCS-3-suppressor of cytokine signaling family 3 \[[@B7]\].

The concentration of interleukin-6 is affected by the polymorphism found in point 174 (G174C) of a promoter region of IL-6 gene. Previous studies have shown that the presence of C allele in the promoter region of IL-6 gene is also associated with a higher probability of overweight and obesity \[[@B8]\]. Studies of the biological relevance of the IL-6 G-174C promoter polymorphism have indicated that the presence of C allele seems to result in a lower IL-6 gene expression than the G allele. That suggests that the mean IL-6 concentrations might be lower in subjects with the homozygous CC genotype \[[@B9]\]. However, conflicting data exist regarding the associations between common variations in the IL-6 gene, adiposity, and insulin resistance \[[@B10]\]. The purpose of the present study was to evaluate the frequency of the IL-6 G-174C polymorphism in obese children in relation to the presence of insulin resistance, leptin level, lipid abnormalities, and the incidence of the metabolic syndrome.

Materials and methods
=====================

The study protocol was approved by the Research and Ethics Committee of the Medical University of Warsaw in Poland. The examined group included 124 obese children with simple obesity (72 girls and 52 boys) aged 10-18 (mean age 14.6 years) referred to an outpatient endocrinology clinic. The control group consisted of 56 healthy non-obese children (36 girls and 20 boys) aged 11-18 years (mean age 14). A complete history was obtained and physical examination was carried out in all participants. Height, weight, and blood pressure were routinely measured. Body mass index (BMI) was calculated as kg/m^2^, BMI z-score adjusted for age and sex was calculated using normative data. Obesity was defined as a BMI z-score of more than +2. Waist circumference was adjusted for age and sex and referred to percentile charts. Hip circumference, WHR (waist-to-hip ratio) and the sum of the thickness of 3 and 10 skin-folds were measured. The percentage of fat tissue content measured in skinfolds on the arm and below the shoulder blade was calculated using Slaughter\'s equation \[[@B11]\]. Hypertension was defined as a value of systolic and/or diastolic blood pressure ≥ 95th percentile for sex and age. Prehypertension was defined as a value of systolic and/or diastolic blood pressure between the 90-95th percentile.

Biochemical Tests
-----------------

Oral glucose tolerance test (OGTT) with measurements of glucose and insulin was performed with the use of a standard dose of glucose (1.75 g/kg, max 75 g) in the group of obese children. The insulin concentration was measured by RIA (Radio-Immuno-Assay), plasma glucose level was measured using dry-chemistry method. Hyperinsulinemia was recognized if fasting levels of insulin was greater than 15 μIU/ml or insulin peak (post-OGTT) levels was of more than 150 μIU/ml and/or more than 75 μU/ml at 120 min of OGTT \[[@B12]\]. Insulin resistance was estimated using the fasting plasma insulin homeostasis model assessment HOMA.

Plasma total cholesterol (T-chol) and triglycerides (Tg) were determined enzymatically wth a Hitachi 912 analyzer (Roche Diagnostics). HDL-cholesterol (HDL-C) was measured using a homogenous method with polyethylene glycol-modified enzymes and alphacyclodextrin. LDL-cholesterol (LDL-C) was calculated by the Friedewald equation. The total cholesterol (Tchol) \> 200 mg/dl, triglycerides (TG) \> 130 mg/dl, LDL-cholesterol \> 150 mg/dl concentrations were set as the upper limit, high-density lipoprotein cholesterol (HDL-C) \< 45 mg/dl was defined as the lower limit for boys and \< 50 mg/dl for girls. A leptin concentration measured by RIA (Radio-Immuno-Assay) was referred to the reference value of 15-20 ng/dl \[[@B13]\]. The International Diabetes Federation (IDF) criteria for children and adolescence were used to evaluate the incidence of the metabolic syndrome (MetS) \[[@B14]\].

Genetic Tests
-------------

Genetic blood tests were performed in both study and control groups. Genotyping was done using polymerase chain reaction - restriction fragment length polymorphism analyses. Genomic DNA was amplified with specific flanking primers for IL-6 174 G/C. The primers used in the PCR were: forward 5\' TGACTTCAGCTTTACTCTTTGT 3\' and reverse 5\' CTGATTGGAAACCTTATTAAG 3\'. The amplified PCR product was digested with the addition Sfa NI enzymes. The digested samples were separated by electrophoresis and visualized. The identified genotypes were recognized according to the presence or absence of the enzyme restriction sites.

Statistical Analysis
--------------------

Results were presented as means ± SD, minimum, and maximum. The normality of data distribution was assessed by the Shapiro-Wilk test. Student\'s t-test for independent and non-independent samples was used to determine the statistical difference between genders in mean values for each group. Pearson\'s χ^2^test was used to examine differences in characteristic variables and the distribution of genetic polymorphism between the study and control groups. In children with the metabolic syndrome in the obese group, the odds ratio (OR) and 95% confidence interval (95%CI) were evaluated to estimate the associations between the children with wild homozygous and carriers C alleles. The U test \'for a probability\' was used to compare the carriers of C (CC+GC) alleles between the obese and control groups. Results were processed using Stat-graphics 4.0 plus and STATISTICA 6.0 software. Statistical significance was accepted at a level of P \< 0.05 \[[@B15]\]. The Hardy-Weinberg equilibrium test was applied to evaluate genotype frequencies \[[@B16]\].

Results
=======

Anthropometric and metabolic characteristics of the obese children are presented in Table [1](#T1){ref-type="table"}. The axiological evaluation showed significantly higher values in the obese of all examined parameters in comparison with the reference values for age and sex. SDS waist circumference, considered to be one of the most important elements of the metabolic syndrome, was higher than the reference values across the whole study group (above 90^th^percentile in 89% girls and in 100% of boys).

###### 

Anthropometric and metabolic characteristics of the obese children.

  ------------------------------------------------------------------------------------------------------
  Anthropometric parameters                     Mean ± SD      \% of children        
  --------------------------------------------- -------------- --------------------- -------------------
  Age (year)                                    14.6 ± 2.0     \-                    \-

  Height (m)                                    167.7 ± 9.3    19.7                  0.8

  Body weight (kg)                              91.4 ± 17.0    39.8                  60.3

  Body mass index (kg/m^2^)                     32.2 ± 4.0     17.6                  82.4

  SDS body mass index (z-score)                 4.4 ± 1.5      \-                    \-

  Waist circumference (cm)                      98.0 ± 10.8    29.4                  52.4

  SDS waist circumference                       3.7 ± 1.2      \-                    \-

  Hip circumference (cm)                        112.4 ± 13.3   \-                    \-

  Waist to hip ratio -WHR                       0.9 ± 0.1      \-                    \-

  Sum of 3 skin-fold thickness (mm)             72.8 ± 11.5    \-                    \-

  Sum of 10 skin-fold thickness (mm)            172.0 ± 26.8   \-                    \-

  \% of body fat -Slaughter equation            35.3 ± 5.3     \-                    \-

                                                                                     

  **Metabolic parameters and blood pressure**   Mean ± SD      Cut points            \% of children\
                                                                                     **\> cut points**

  Total cholesterol (mg/dl) T-chol              171.9 ± 34.1   ≥ 200                 19.8

  HDL-cholesterol (mg/dl) HDL-C                 45.6 ± 12.2    ≤ 45 boys             60

                                                1              ≤ 50 girls            65.4

  LDL-cholesterol (mg/dl) LDL-C                 101.2 ± 27.7   ≥ 150                 5.0

  Triglycerides (mg/dl) Tg                      134.2 ± 57.9   ≥ 130                 43.5

  Glucose 0 min OGTT (mg/dl)                    79.2 ± 10.1    ≥ 100                 2.4

  Glucose in 120 min OGTT(mg/dl)                106.6 ± 26.0   ≥ 140 \< 200          7.3

  Insulin 0 min OGTT (μIU/ml)                   17.5 ± 8.7     ≥ 15                  54.8

  Insulin in 120 min OGTT                       80.9 ± 68.7    ≥ 75                  35.5

  Leptin (ng/ml)                                27.2 ± 13.2    ≥ 20                  75.0 girls

                                                                                     80.0 boys

  HOMA                                          3.4 ± 1.7      \> 3.0                80.0

  OGIS~90~                                      427.9 ± 84.7   \-                    \-

  SBP -systolic blood pressure (mmHg)           124.8 ± 10.2   \> 90^th^percentile   50.0

                                                               \> 95^th^percentile   47.0
  ------------------------------------------------------------------------------------------------------

The metabolic syndrome (MetS): central obesity (100% of obese children presented with waist circumference \> 90^th^percentile), low HDL-C (58% of obese children), hypertriglyceridemia (45% of obese children), hypertension (47% of obese children), impaired fasting glucose (IFG - 2.4% of obese children). Two children had diabetes type 2. The incidence of the full MetS (central obesity plus 2 or more abnormalities) was 33% of obese children (20 girls -16.1% and 21 boys - 16.9%).

Frequency distribution analysis of polymorphism G-174C in the obese and non-obese children is presented in Figure [1](#F1){ref-type="fig"}. The alleles C and G in both obese and control groups are in HW equilibrium. Homozygous allele CC in the obese children was statistically more frequent than in the control group (OR = 3.57; 95% CI = 1.01-12.56), χ^2^= 5.02, P \< 0.05. Heterozygotes of C allele in the obese children were significantly more frequent than in the control group (OR = 2.56; 95% CI = 1.33-4.91), χ^2^= 8.08, P \< 0.01.

![**Distribution of IL-6 genotypes in obese children vs. control group**.](2047-783X-14-S4-196-1){#F1}

The obese children were divided into two groups, with and without allele C, on the basis of the IL-6 genotypes. The carriers of C alleles (CG+CC) presented with lower thickness of subcutaneous tissue calculated as a sum of 10 skin-folds (164.7 ± 23.8 vs. 177.0 ± 33.4 mm, P \< 0.05) than the wild type gene carriers. The carriers of C alleles also showed higher concentrations of HDL-C compared to GG homozygotes (50.5 ± 12.7 vs. 44.0 ± 10.8 mg/dl, P \< 0.05). The systolic blood pressure and leptin concentration did not differ between the obese children with gene polymorphism and wild homozygous. There was only a tendency seen toward a lower value of leptin levels in the children with GG genotype. In the group of obese boys carrying C allele, a sum of 3 skin-fold thickness was lower than those with the GG genotype (170.2 ± 25.7 vs. 190.4 ± 41.4 mm, P \< 0.05). The presence of the metabolic syndrome in children with wild homozygous GG and carriers of C allele of IL-6 polymorphism gene was more frequent in the group with wild GG genotype than in the children carrying C allele (GC+CC) (OR = 0.32; 95% CI 0.14-0.75 χ^2^= 7.11, P \< 0.01). Comparison between the children carrying C allele (CG+CC) and carriers of the wild type genotype shows that there was a higher frequency of C allele in the obese children than in the control group (P \< 0.001). The presence of C allele was also more frequent in the obese children without MetS than in the control (P \< 0.001) and in the obese children without than with MetS (P \< 0.01). The distribution of C alleles in the control vs. obese children with MetS was not statistically different.

Discussion
==========

The prevalence of the metabolic syndrome is high among obese children and adolescents and increases with the severity of obesity and with central adiposity, in particular. The MetS clusters cardiometabolic risk factors - including abdominal obesity, hyperglycemia, dyslipidemia, and elevated blood pressure - that are thought to be linked to insulin resistance. MetS is also associated with increased risk for cardiovascular disease and type 2 diabetes. MetS is common, affecting a quarter to a third of adults population in developed countries, and its prevalence is rising, in parallel with increasing obesity and population aging \[[@B17]\]. The International Diabetes Federation proposed a global definition for children and adolescents that emphasized the importance of central adiposity \[[@B14]\]. The metabolic syndrome phenotype is less well understood in children than in adults. Abnormalities such as obesity, hypertension, and lipid derangements are known to persist from childhood to adulthood, and the collected abnormalities may similarly persist \[[@B18]\]. Increasing evidence suggests that low-grade inflammation, elevated plasma, and adipose tissue levels of IL-6 could be one of the determinants in the pathogenesis of insulin resistance and type 2 diabetes \[[@B19]\]. The identification of the C-174G polymorphism in the promoter of IL-6 gene, which regulates its transcriptional activity \[[@B9]\], makes this variant a credible candidate for association with insulin resistance. Some studies have shown that the -174 C allele may affect gene expression \[[@B8]\] and in vivo inflammatory response \[[@B20]\].

Since insulin resistance is a pivotal factor in the development of metabolic syndrome and impaired glucose tolerance (IGT), we aimed to test the association between the C-174 promoter polymorphism of the IL-6 gene variants and obesity, insulin resistance, lipids, and MetS in obese children and adolescents. Qi L et al \[[@B10]\] conducted a meta-analysis on the associations between polymorphism 174G \> C and adiposity. In some studies polymorphism 174G \> C was associated with BMI and central adiposity \[[@B21]\], but not in some other \[[@B22]\]. Qi L et al. \[[@B10]\] conclude that: IL-6 variations are associated with BMI and waist circumference. Given the temporal relationship between genetic variants and adiposity phenotypes, their findings suggest that the genotype-associated changes in IL-6 could be involved in the development of obesity. It has been suggested that more than one polymorphic site in the IL-6 gene may be functional and influence gene transcription, probably through complex interactions \[[@B23]\]. IL-6 polymorphism has also been associated with body composition in children. Dedoussis et al. \[[@B24]\] conclude that homozygotes with polymorphism of the IL-6 gene have higher values in some parameters associated with obesity.

The results of the present study are controversial. Homozygous CC genotypes in the obese group were more frequent than in the control group. Carriers of C allele in the obese group also were more frequent than in the control group, but we showed that children carrying an unfavorable genotype were more protected from developing fat accumulation and lipid abnormalities. Obese children carrying the C allele had a smaller thickness of subcutaneous tissue measured by the sum of 10 skin-folds and they showed a tendency for higher concentrations of HDL compared with the carriers of GG allele. A new definition used by the IDF requires the presence of central obesity and two of the four factors. In our study of 124 children, according to this definition, 33% of them presented with the full metabolic syndrome. A comparison of appearance of metabolic syndrome factors in individuals with the CC and GC genotypes and of the homozygous GG carriers showed that the metabolic syndrome was more frequent in the group with wild homozygous that in children carrying the unfavorable genotype. These findings indicate that children carrying the C allele were more protected against the metabolic syndrome than children without polymorphism.

In conclusion, (i) polymorphism 174G \> C in IL-6 gene is more common in children with obesity; (ii) polymorphism 174G \> C in IL-6 gene does not seem to be associated with a grade of obesity, insulin resistance, lipid profile, leptin levels, and incidence of metabolic syndrome in obese hildren; and (iii) single polymorphism 174G \> C in IL-6 gene may play a protective role against development of obesity and MetS in children.
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